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Shutdown Events: Section 1
Introduction Rev. 1.0

1.0 Introduction

1.1  Objectives

The first objective of the Risk Assessment of Operational Events Handbook (sometimes known as
“‘RASP Handbook” or “handbook”) is to document methods and guidance that U.S. Nuclear
Regulatory Commission (NRC) staff could use to achieve more consistent results when
performing risk assessments of operational events and licensee performance issues.

The second objective is to provide analysts and Standardized Plant Analysis Risk (SPAR)
model developers with additional guidance to ensure that the SPAR models used in the risk analysis
of operational events represent the as-built, as-operated plant to the extent needed to support the
analyses.

This handbook represents best practices based on feedback and experience from the analyses
of over 600 precursors of events dating back to 1969 in the Accident Sequence Precursor (ASP)
Program and numerous Significance Determination Process (SDP) Phase 3 analyses (since
2000).

1.2 Scope of the Handbook
The scope of the handbook is provided below.

° Applications. The methods and processes described in the handbook can be primarily
applied to risk assessments for Phase 3 of the SDP, the ASP Program, and event
assessments under the NRC’s Incident Investigation Program (in accordance with
Management Directive 8.3). The guidance for the use of SPAR models and Systems
Analysis Programs for Hands-on Integrated Reliability Evaluations (SAPHIRE) software
package can be applied in the risk analyses for other regulatory applications, such as
the Generic Issues Program and special risk studies of operational experience.

° Relationships to program requirements. This handbook is intended to provide
guidance for implementing requirements contained in program-specific procedures, such
as Inspection Manual Chapter (IMC) 0609, “Significance Determination Process,” and
IMC 0309, “Reactive Inspection Decision Basis for Reactors.” It is not the scope of this
handbook to repeat program-specific requirements in the handbook, since these
requirements may differ among applications and may change as programs evolve.
Program-specific requirements supersede guidance in this handbook.

° Deviations from methods and guidance. Some unique events may require an
enhancement of an existing method or development of new guidance. Deviations from
methods and guidance in this handbook may be necessary for the analysis of atypical
events. However, such deviations should be adequately documented in the analysis to
allow for the ease of peer review. Changes in methodologies and guidance will be
reflected in future revisions of this handbook.

1-1 Handbook Vol. 1 — Shutdown Events




1. Introduction

1.3 Audience for the Handbook

The principal users of this handbook are senior reactor analysts (SRAs) and headquarters risk
analysts involved with the risk analysis of operational events. It is assumed that the analysts
using this handbook have received probabilistic risk assessment (PRA) training at the SRA
qualification level. Analysts using this handbook should be familiar with the risk analysis of
operational events, SAPHIRE software package, and key SPAR model assumptions and
technical issues. Although, this handbook could be used as a training guide, it is assumed that
an analyst either has completed the NRC course “Risk Assessment in Event Evaluation”
(Course Number P-302) or has related experience.

14 Handbook Content

The revised handbook includes three volumes, designed to address Internal Events (Volume 1),
External Events (Volume 2), SPAR Model Reviews (Volume 3), and Shutdown Events (Volume
4). Each volume is complementary to the others. The scope of these volumes is as follows:

° Volume 1, Internal Events. Volume 1, “Internal Events,” provides generic methods and
processes to estimate the risk significance of initiating events (e.g., reactor trips, losses
of offsite power) and degraded conditions (e.g., a failed high pressure injection pump,
failed emergency power system) that have occurred at nuclear power plants.

Specifically, this volume provides guidance on the following analysis methods:

- Exposure Time Determination and Modeling

- Failure Determination and Modeling

- Mission Time Modeling

- Modeling Recovery and Repair Actions in Event Assessment

- Multi-Unit Considerations Modeling

- Treatment of Common-Cause Failures in Events Assessment (Future)

In addition, the appendices provide further guidance on the following analysis topics:

- Road Map — Risk Analysis of Operational Events

Although, the guidance in this volume of the handbook focuses on the analysis of
internal events during at-power operations, the basic processes for the risk analysis of
initiating events and degraded conditions can be applied to external events, as well as
events occurring during shutdown operations.

° Volume 2, External Events. \Volume 2, “External Events,” provides methods and
guidance for the risk analysis of initiating events and conditions associated with external
events. External events include internal flooding, internal fire, seismic, external flooding,
external fire, high winds, tornado, hurricane, and others. This volume is intended to
complement Volume 1 for Internal Events and Volume 4 for Shutdown Events.

Specifically, this volume provides the following guidance:

- Internal Flood Modeling and Risk Quantification

" In this handbook, “initiating event” and “degraded condition” are used to distinguish an incident involving a reactor
trip demand from a loss of functionality during which no trip demand occurred. The terms “operational event” and
“event,” when used, refer to either an initiating event or a degraded condition.

Risk Assessment of Operational Events 1-2
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- Internal Fire Modeling and Risk Quantification
- Seismic Event Modeling and Seismic Risk Quantification
- Other External Events Modeling and Risk Quantification

Volume 3, SPAR Model Reviews. Volume 3, “SPAR Model Reviews,” provides analysts
and SPAR model developers with additional guidance to ensure that the SPAR models used
in the risk analysis of operational events represent the as-built, as-operated plant to the
extent needed to support the analyses. This volume provides checklists that can be
used following modifications to SPAR models that are used to perform risk analysis of
operational events. These checklists were based on the PRA Review Manual
(NUREG/CR-3485, Ref. 1-1), the PRA Standard [ASME RA-S-2005 (Ref. 1-2) and
Regulatory Guide 1.200 (Ref. 1-3)], and experiences and lessons learned from SDP and
ASP analyses.

In addition, this volume summarizes key assumptions in a SPAR model and unresolved
technical issues that may produce uncertainties in the analysis results. The importance
of these assumptions or issues depends on the sequences and cut sets that were
impacted by the operational event. Additionally, plant-specific assumptions and issues
may play an even larger role in the analysis uncertainties. This volume is intended to
complement Volume 1 for Internal Events, Volume 2 for External Events, and Volume 4
for Shutdown Events, or whenever a modification to the SPAR model is required.

Volume 4, Shutdown Events. Volume 4, “Shutdown Events,” provides methods and
guidance for the risk analysis of initiating events and conditions associated with plant
shutdown (SD) events. The current scope is limited to shutdown events at select plant
operating states for pressurized water reactor (PWR) and boiling water reactor (BWR)
plants (e.g., hot shutdown, cold shutdown, refueling outage, and mid-loop operations for
PWRs). This guide does not address the risk assessments of low-power and large early
release frequency events.

Specifically, this volume addresses the following four cases:

- Initiating Event Analysis

- Plant Condition Analysis Involving One Plant Operating State (POS)

- Plant Condition Analysis Involving Multiple POSs

- Special Cases (with no pre-defined POS available for the shutdown scenario of
interest).

Additionally, this volume provides insightful discussions on a set of frequently encountered
issues to consider when developing shutdown risk models. This set of issues include (i)
treatment of operator actions and human error dependencies, (ii) equipment test and
maintenance configurations, and (iii) decay heat loads during time between shutdown and
event initiation. This volume is intended to complement Volume 1 for Internal Events and
Volume 2 for External Events.

Companion References to the Handbook

Guidance in the three volumes of the handbook often refers to other references, as applicable to
the application. A bibliography of current technical references used in the risk analysis of
operational events is provided in Volume 3, in which most of the documents are referenced in
individual sections throughout the handbook.

1-3 Handbook Vol. 1 — Shutdown Events
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Key companion references that are an extension to this handbook include:

1.6

- PRA Standard (Refs. 1-2 and 1-3)

- NUREG/CR-6823, “Handbook of Parameter Estimation for Probabilistic Risk
Assessment” (Ref. 1-4)

- NUREG-1792, “Good Practices for Implementing Human Reliability Analysis”
(Ref. 1-5)

- NUREG-1842, “Evaluation of Human Reliability Analysis Methods Against Good
Practices” (Ref. 1-6)

- NUREG/CR-6883, “SPAR-H Human Reliability Analysis Method” (Ref. 1-7)

- NUREG-1624, Rev. 1, “Technical Basis and Implementation Guide for A
Technique for Human Event Analysis (ATHEANA)” (Ref. 1-8)

- NUREG-1880, “ATHEANA User’s Guide” (Ref. 1-9)

- NUREG/CR-6850, “EPRI/NRC-RES Fire PRA Methodology for Nuclear Power
Facilities, Volume 2: Detailed Methodology” (Ref. 1-10)

- Handbook for Phase 3 Fire Protection (FP) Significance Determination Process
(SDP) Analysis (Ref. 1-11)

- Basic SAPHIRE training manual (Ref. 1-12)
- Advanced SAPHIRE training manual (Ref. 1-13)

- Plant-specific SPAR model manual

Questions, Comments, and Suggestions

Questions, comments, and suggestions should be directed to the following:

From internal NRC staff and NRC contractors:

Volume 1, Internal Events

- Chris Hunter, 301-415-7575, Christopher.Hunter@nrc.gov
- See-Meng Wong, 301-415-1125, See-Meng.Wong@nrc.gov

Volume 2, External Events
- Selim Sancaktar, 301-215-7572, Selim.Sancaktar@nrc.gov

Volume 3, SPAR Model Reviews
- Peter Appignani, 301-251-7608, Peter.Appignani@nrc.gov

Volume 4, Shutdown Events
- Selim Sancaktar, 301-215-7572, Selim.Sancaktar@nrc.gov

From external NRC stakeholders (e.q., public, licensees):

All handbook volumes; Significant Determination Process
- Steve Vaughn, 301-415-3640, Stephen.Vaughn@nrc.gov
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Shutdown Events: Section 2
Scope and Summary Rev. 1.0

2.0 Scope and Summary
21 Scope

The current scope of this Handbook is limited to shutdown events at different plant operating states
(POSs) listed below and calculation of core damage frequency (CDF) values only. It does not
address the risk assessments of low power and large early release frequency events. POS
applicable to BWRs and PWRs are defined as the following:

° BWR POSs
- Mode 3—Hot Shutdown
- Mode 4—Cold Shutdown
- Mode 5—Refueling Outage

° PWR POSs
- Mode 3—Hot Shutdown
- Mode 4—Cold Shutdown
- Mode 5—Mid-Loop Operations
- Mode 6—Refueling Outage

2.2 Summary

This document contains RASP Handbook guidance for plant event and condition analyses of
shutdown events, using SPAR models. The document addresses four categories of analyses:
Initiating event analysis [calculate conditional core damage probability (CCDP)].

Plant condition analysis involving one POS [calculate core damage probability (CDP)].

Plant condition analysis involving multiple POSs (calculate CDP).

LN~

Special cases (no predefined POS available for the SD scenario of interest).

In this document, the terms for “initiating event analysis” and “event analysis” are used
interchangeably.

Experience with performing actual SDP Phase 3 and ASP analyses of SD events over the last
few years indicate that whenever a need for a plant-specific shutdown analysis arises, either
there is no SPAR-SD model available; or it is available but is not updated; or is not suitable for
the case being analyzed. Therefore, a case-specific model needs to be constructed in a short
time frame. It is expected that this Handbook should be used in conjunction with the SD Model
Maker’s Guide (MMG) by experienced PRA analysts only. This Handbook guidance and the
MMG are intended to capture the technology and knowledge base accumulated on this subject,
and relies on the analyst's proficiency with the competent use of the SAPHIRE software. The
accompanying event tree (ET) library and the human error probability (HEP) library are also

2-1 Handbook Vol. 4 — Shutdown Events



2. Scope and Summary

intended to capture the accumulated knowledge base and support the consistent application of
the technology.

2.3 Currently Available Tools, Models and Documents

The following tools, models, and documents available for quantifying SD risk in addition to this
document:

- SAPHIRE software to run the models (Ref. 2-1);

- SPAR Shutdown Model Maker’s Guideline (MMG) (Ref. 2-2)

- Shutdown event tree template library (Ref. 2-2)

- Shutdown operator actions and human error probability (HEP) library (Ref. 2-2)
- SPAR shutdown models for a limited number of plants (Ref. 2-2)

Figure 2-1 provides a visual summary of elements available to an analyst.

SPAR-SD Models SD Event Tree SD Operator Previously SD Model Maker’s
for Specific Plants Library Action and HEP Performed and Guideline (MMG)
(Templates) Library Documented SD
SDP or ASP
Analyses

Construction of a New New SD Event or Plant
Plant-Specific SPAR- Condition Analysis for SDP
SD Model by RES Phase 3, ASP, and Similar
and/or INL Purposes

Figure 2-1. Elements Available to an Analyst for SD
24  Status of SD Models

The current version of this Handbook guidance is provided for use with the existing SPAR-SD
models available to NRC analysts. Currently, there are eight SPAR-SD models in the SAPHIRE
User Group webpage (Ref. 2-1):

Plant Name Plant Type Status
Davis-Besse PWR/BW SAPHIRES8 compatible, final version
Columbia BWR SAPHIRES8 compatible, final version
Seabrook PWR/W SAPHIRES8 compatible, final version
Turkey Point PWR/W SAPHIRES8 compatible, final version
Comanche Peak PWR/W SAPHIRES8 compatible, final version

Risk Assessment of Operational Events 2-2



2. Scope and Summary

Brunswick BWR SAPHIRES8 compatible, final version
San Onofre PWR/CE SAPHIRES8 compatible, final version
Grand Gulf BWR SAPHIRES8 compatible, draft version

For each SPAR-SD model, the SD model documents (in WORD and EXCEL files), HEP
calculations, etc. can be found in the SPAR model folder named Shared\Documents\XXXX-SD-
Docs, where XXXX refers to the acronym for the plant in question.

Earlier SPAR-SD models utilized a set of identical SD event trees. These models are
characterized by a main event tree named SD which defines plant operating states and
transfers into sub event trees for the POSs. The event tree nodes are defined formally; the
plant specific nature of these nodes is introduced in fault tree logic. This approach is no longer
used since it is shown to be of limited benefit for actual SDP and ASP analyses. However,
since some of the current models contain also this form (in addition to the new ET templates by
SD initiating events), some examples for these models are mentioned in the Handbook.

2.5 Examples of “Old” versus “New” Models

Figure 2-2 shows the old model ETs for the Columbia plant; they are highlighted in the list.
Figure 2-3 shows the “new” SD event trees for the same plant. Note that both models coexist
for this plant. Figure 2-4 shows the “new” ET models for the Davis Besse plant. Note that the
“old” SD ET models are removed for this plant. Eventually, all “old” SD ET models will be
removed.

The new SD event tree models always start with the name SD- and can be run individually, just
like the ETs for internal events.

26 New Tool (Shutdown Core Uncovery Calculator)

An MS EXCEL based new tool has been created for calculation of core uncovery times for given
configurations of water volumes above the core during a shutdown POS. This calculator (Ref.
2-3) allows for accounting of decay heat production rate, losses due to boiling, and losses due
to reactor coolant system (RCS) boundary breaks (if applicable). The calculator can also be
used in a stand-alone mode to estimate decay heat rates after N hours from shutdown. The
uncovery times calculated by this calculator can be used to estimate time windows available for
operator actions during various SD POSs. Figures 2-5, 2-6, and 2-7 illustrate worksheets from
the calculator workbook. An user’s guide and overview are provided in Ref. 2-2 (refer to
documents titled Shutdown Core Uncovery Calculator and Shutdown Calculator Presentation).
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- SAPHIRE [project: "COLM-SD-3P - COLUMBIA GENERATING STATION SPAR MODEL" folder: "C:\Dox

POS-M4ELN
POS-M4LHN
POS-M4LLN
POS-M5ELS

- POS-M5LLS

POS-M5XLU

- SD-M4E-L2IOC
- S0-M4E-LOCF
- SD-M4E-LOS..
- S0-M4L-LoIeC
- SD-M4L-LOOF
- SD-M4L-Los.
- SD-MEE-LIOC
- S0-MEE-LOCF
- SD-MEE-LOS..
- SD-MaL-LOIoC
- SD-MEL-LOOF
- sD-MaL-Los..
- SD-MEU-LOIOC
- SLOCA
- TRAME
- KLOGCA

COLUMBIAMODE 4 - EARLY LOW PRESSURE
COLUMBIAMODE 4 -HYDRO TES

COLUMBIA MODE 4-LATE LOW PRESSURE

COLUMBIA MODE 5 - BEFORE REFUELIMG -STEAM LINE
COLUMBIA MODE 5-AFTER REFUELING-STEAM LINE
COLUMBIA MODE 5 REFUELING

COLUMBIA PLANT SHUT DOWHN

L2355 OF INVENTORY QUTSIDE COMTAINMENT IN MODE 4E
COLUMBIALOSS OF OFF-SITE POWER INITIATING EVENT
LOSs OF LOSDC IN MODE 4E

L2355 OF INVENTORY QUTSIDE COMTAINMENT IN MODE 4L
COLUMBIALOSS OF OFF-SITE POWER INITIATING EVENT
LOSSs OF LOSDC IN MODE 4L

L2355 OF INVENTORY QUTSIDE COMTAINMENT IN MODE SE
COLUMBIALOSS OF OFF-SITE POWER INITIATING EVENT
LOSE OF LOSDC IN MODE 5E

L2S5E OF INVENTORY QUTSIDE COMTAINMENT IN MODE 5L
COLUMBIALOSE OF OFF-SITE POWER INITIATIMNG EVENT
LOSE OF LOSDC IN MODE 5L

LOS5E OF INVEMTORY QUTSIDE COMTAINMENT- REFUELING MODE
COLUMBIA SMALL LOSS-0OF-COOLANT ACCIDENT
COLUMBIA GEMERAL PLANT TRAMSIENT

COLUMBIA EXCESSIVE LOCA (VESSEL FAILURE)

File ¥iew Bookmarks Publish Project Tools Help
-IHI IEtandard vl >
r [emee  =]v
Mew eventtree
IORY COLUMBIAIMNADVERTENT/ETUCK OPEM RELIEF VALVE
-- IEL-RHR COLUMBIA RHR SHUTDOWN COOLING LETDOWM LINE [2LOCA
LLOCA COLUMBIA LARGE LOSS-0OF-COOLANT ACCIDENT
-- LOACE-1 COLUMBIALOSS OF DIVISION 1 VITAL AC BUSE
LOACH-2 COLUMBIALOSS OF DIVISION 2 VITAL AC BUSE
-- LOCAS COLUMBIALOSS OF CONTROL & SERVICE AR
LOCHS COLUMBIALOSS OF COMDEMNSER HEAT SINK
-- LODCB-1 COLUMBIALOSS OF DIVISION 1 VITAL DC BUS
LODCB-2 COLUMBIALOSS OF DIVISION 2 VITAL DC BUS
-- LOMFW COLUMBIA LOSS OF FEEDWATER
LOOPGR COLUMBIA LOSS OF OFFSITE POWER - GRID-RELATED
- LOOPPC COLUMBIALOSS OF OFFSITE POWER - PLANT-CEMTERED
LOQPSC COLUMBIA LDSS OF OFFSITE POWER - SWITCHYARD-CENTERED
LOOPWR COLUMBIA LOSS OF QFFSITE POWER - WEATHER-RELATED
LOPSW COLUMBIALDSS OF PLAMT SERVICE WATER
MLOCA COLUMBIA MEDIUM LOSS-0F-COOLANT ACCIDENT

Risk Assessment of Operational Events

Figure 2-2. “Old” ET Models for Columbia Plant

2-4




2. Scope and Summary
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COLUMBIA INADVERTEMT/STUCK OPEN RELIEF VALVE
COLUMBIA RHR SHUTDOWMN COOLING LETDOWM LINE ISLOCA
COLUMBIA LARGE LOSS-0OF-COOLANT ACCIDENT
COLUMBIA LOSS OF DIVISION 1 VITAL AC BUS

COLUMBIA LOSS OF DIVISION 2 VITAL AC BUS

COLUMBIA LOSS OF CONTROL & SERVYICE AIR

COLUMBIA LOSS OF COMDEMNSER HEAT SINK

COLUMBIA LOSS OF DIVISION 1 VITAL DC BUS

COLUMBIA LOSS OF DIVISION 2 VITAL DC BUS

COLUMBIA LOSS OF FEEDWATER

COLUMBIA LOSS OF OFFSITE POWER - GRID-RELATED
COLUMBIA LOSS OF OFFSITE POWER - PLANT-CENTERED
COLUMBIA LOSS OF OFFSITE POWER - SWITCHYARD-CENTERED
COLUMBIA LOSS OF OFFSITE POWER - WEATHER-RELATED
COLUMBIA LOSS OF PLANT SERVICE WATER

COLUMBIA MEDIUM LOSS-0OF-COOLANT ACCIDENT
COLUMBIA MODE 4 - EARLY LOW PRESSURE

COLUMBIA MODE 4 - HYDRO TEST

COLUMBIA MODE 4-LATE LOW PRESSURE

COLUMBIA MODE 5 - BEFORE REFUELING -STEAM LINE
COLUMBIA MODE 5-AFTER REFLIELING-STEAM LINE
COLUMBIA MODE 5 REFUELING

COLUMBIA PLANT SHUT DOWN

LOSS OF INVENTORY OUTSIDE CONTAINMENT IN MODE 4E
COLUMBIA LOSS OF OFF-SITE FOWER INITIATING EVENT
LOSS OF LOSDC IN MODE 4E

LOSS OF INVENTORY OUTSIDE CONTAINMENT IN MODE 4L
COLUMBIA LOSS OF OFF-SITE FOWER INITIATING EVENT
LOSS OF LOSDC IN MODE 4L

LOSS OF INVENTORY OUTSIDE CONTAINMENT IN MODE 5E
COLUMBIA LOSS OF OFF-SITE POWER INITIATING EVENT
LOSS OF LOSDC IN MODE 5E

LOSS OF INWVENTORY OUTSIDE CONTAINMENT IN MODE 5L
COLUMBIA LOSS OF OFF-SITE POWER INITIATING EVENT
LOSS OF LOSDC IN MODE 5L

LOSS OF INWVENTORY OUTSIDE CONTAINMENT- REFUELING MODE
COLUMBIA SMALL LOSS-0OF-COOLANT ACCIDENT
COLUMBIA GEMERAL PLANT TRANSIENT

COLUMBIA EXCESSIVE LOCA (VESSEL FAILURE)

Figure 2-3. “New” ET Models for Columbia Plant
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2. Scope and Summary

Z. SAPHIRE [projeck: "DAVB-EE-SD-3P - PWR D SPAR MODEL FOR DAVIS-BESSE” folder: "C:\Documents and Setting

File ~Wiew Bookmarks Publish Project Tools Help

o IStandard vI *
L) Ir.lain Trees vl ¥
i Ir.lain Trees 'I &

- FLIFSWPRUNMP Flood in service water pump room

-
FLI-SWWALVE Flood in SW valve room
FRI-ADS Fire occurs in clean waste, detergent waste & misc. waste recoms
FRI-A08 Fire accurs in #4 mechanical penetration room
-- FRI-DDOA Fire accurs in cable spreading room
FRI-FF01-CRE Fire in main contral room causes evacuation
FRI-FFO1-CR...  Main control room fire causing failure of non-safety systems
FRI-FFO1-CRS Main control room fire causing loss of a safety train
-- FRI-G0Z Fire occurs in auxiliary building 565" elev., west passageways
FRI-II01 Fir accurs in the turbine building
-- FRI-0501-02 Fire accurs in bus tie transformer rooms (XAC, XBD, startup)
FRI-G01 Fire accurs in switchgear room B (huses D1&D2 fail)
-- FRI-501 Fire accurs in switchgear room A (huses C1&C2 fail)
FRI-01 Fire in spent fuel pump room & mixtanks area
-- FRI-x01 Fire occurs in low voltage switchgear room 1
ISL-DHR &VIS-BESSE PWR D DHR suction ISLOCA
-- ISL-HPI AVIS-BESSE PWR D HPI discharge ISLOCA
ISL-LPI S-BESSE PWR D LPI discharge ISLOCA
-- LLOCA S-BES3E PWR D LARGE LOCAEVENT TREE
LOAC-D1 S-BESSE PWR D LOSS OF 4.16 kv BLUS D1 EVENT TREE
LOCCW S-BESSE PWR D TOTAL LOSS OF COMPOMNENT COOLING WATER
LOCCW S-BESSE PWR D LOSS OF COMPOMNENT COOLING WATER TRAIN 1
B LOCHS WIS-BESSE PWR D LOSS OF COMNDENSER HEAT SINK
LODCAP WIS-BESSE PWR D LOSS OF DC BUS DP EVENT TREE
LODC2P S-BESSE PWR D LOSS OF DC BUS D2P EVENT TREE
LA S-BESSE PWR D LOSS OF INSTRUMENT AIR
LOMFW S-BESSE PWR D LOSS OF MaIN FEEDWATER
LOGP S-BESSE PWR D LOSS OF OFFSITE POWER EVENT TREE
+- LOSWS S-BESSE PWR D LOSS OF SERVICE WATER
MLOCA DAVIS-BESSE PWR D MEDIUM LOCA EVENT TREE

SHUTDOWN EVENT -M4E
Shutdown Loss of RHR Cooling -M4E

SD-M5E-LOR...
SO-ML-LOI
SD-ML-LOOP
SD-ML-LORHR

3GTR S-BESSE PWR D STEAM GEMERATCOR TUBE RUFTURE

SLOCA AVIS-BESSE PWR D SMALL LOCAEVENT TREE

TOR-BWST Tornado missile impact on BWST occurs

TRAMS DAVIS-BESSE PWR D TRANSIEMT EVENT TREE

HLOCA DAVIS-BESSE PWR D EXCESSIVE LOCA =

Figure 2-4. “New” ET Models for Davis Besse Plant
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2. Scope and Summary

Volumes of Location Volume Input used Input Volume Volume to
water (cubic ft) in percent modeled boil-off
calculation used (cubic ft) (cubic ft)
A Below fuel in reactor vessel 1050 1 100 1050
B Between top and bottom of fuel 1114 1 100 1114
£ HL midplana to top of fusl 1233 1 100 1233 1233
D HL midplane to RV flange 2256 1 0.85 19 19
E Refueling cavity 40000 0 0 1]
E Fuel transfer canal 1000 0 0 0
G Spent fuel pool 2000 0 0 0
H Pressurizer 1500 0 0 0
| All SGs 4000 0 0 0
Total Volume = 51989 3416 1252
W1 W2
Inputs
LWt BTU/hr to midplane of fuel V3 1809
Reactor thermal power 3250 1.11E+10 to bottom of fuel V4 2366
Menths of power operation 18
Initial water temperature (F) 100
RCS pressure atmospheric
Preliminary calculations:
V3 'z
Vi1 Pounds of water to to be heated from starting bulk temperature to 212F 211803 lbs
VW2 Pounds of water to be boiled at 212 F (also W3 and W4) 77635 lbs 112169 146703
AT # of degrees F from initial water temperature to 212F 1 F
Efheatup) BTUs needed to heat up W1 by AT 2372E+07 BTU
Efbail) BTUs needed to boil W2 at the given RCS pressure TA33E+07 BTU 1.088E+08 1423E+08
Eitotal) Total decay heat needed to heat and boil water as calculated above 9.905E+07 BTU 1.326E+08 1.661E+08
i Volume of water in 1 ft of core height a0 f*
1tlb pounds of water in 1 ft core height 4933 lbs

Figure 2-5. Worksheet from the SD Core Uncovery Calculator
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2. Scope and Summary

Schematic diagram of volumes of water modeled for a BWR

Scenario 3
No loss of inventory.

Loss of shutdown cooling (or loss of decay heat removal; or loss of RHR):

Height
inches
Top of water when cavity is full 480
G 1
H
Top of RV 480
Reactor vessel head —_—]
D
Vessel Flange AI . 1 Reactor vessel flange 390
I' | — steamdryer
) L}
D D Battom of main steam line
Steam separa!or
Normal Water level —_
MFW in Mormal water level 199
Shroud Low level trip (RHR SDC isolates)| 175
Top of fuel Top of fusl 0
Top of jet pump (23 core} \Reclrc. in Top of jet pump 2/3 fuel 48
Midplane of fuel -i2
Bottom of fuel 144
Bottom of fuel —_— —"':’Recin:. Qut
[ Jet pump
A
Bottom of RV -352
Top of the fual WMidplane of the fuslBottom of the fual
Volumes Location Volume | Input Input  Volume Volume Volume to Volume  Volume Volume Volume
of water (cubic ft) | used in  percent modeled to heat boiloff  toheat toboil. toheat to boil
calculati used (cubic ff) (cubic ft) (cubicft) (cubic ft) off (cubic ft) off
on (cubic ft) (cubic ft)
A Lower Plenum 2844 g: 100 2844 2844 2844 2844
B Core 1525 i 100 1625 1525 1625 763 1625 1625
c Upper plenum and separator 926 1 100 926 926 926 926 926 926 926
D Dome (above normal water level) 5266 0 0
E Downcomer region 4833 1 &0 2267 2267 2367 3400 3400 4833 4833
T Recirc loops and jet pumps 1236 0
G Refueling cavity 40000 0
H Fuel transfer canal 1000 ]
| Spent fuel pool 2000 a
59.330 Total Volume = 7562 7562 3193 8695 5088 9328 6984
Vo Vih Vib VZh \2b V3h \3b
Inputs . |
MWt BTWhr
Reactor thermal power 3250 1.11E+10
Manths of power operation 18
Imitial water temperature (F) 100
RCS pressure atmospheric
Preliminary calculations: Vih V1b V2h V2h V3h V3b
W Pounds of water in the volumes to be heated up or boiled Ibs 468813 | 197935 | 539075 | 315472 609336 | 433008
AT # of degrees F from initial water temperature to 212F F 112
E(heatup) BTUs needed to heat up W by AT BTU 5.25E+07 6.04E+07 6.82E+07
E(boil offf BTUs needed to boil off W at the given RCS pressure BTU 1.92E+08 3.0BE+08 4 20E+08

Figure 2-6. Worksheet from the SD Core Uncovery Calculator
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2. Scope and Summary

Calculations for time to boil and time to uncover fuel:

Days after  Decay Decay Decay Heat # of hours # of hours total # of  additional total # of total # of
reactor trip heat heat (BTU/Hr) to reach from hours to top minutes to hours to hours to
Fraction  (MWVt) hoiling boiling to of fuel boil 1 ft fuel bottom of

P(to+t)/P top of fuel below top midplane fuel

o of fuel

3 471E-03  1.53E+01  5.22E+07 045 * 144 = 190 6 254 318

4 425E-03  1.38E+01 4.71E+07 0.50 + 160 = 210 6 281 353

5 39ME03  1.2TE+01  4.34E+07 055 + 1.74 = 228 7 3.06 383

6 365E-03  1.19E+01  4.04E+07 0.59 i 1.86 = 245 7 328 ER

7 343E-03  1.12E+01  3.80E+07 0.62 + 1.98 = 2.60 g 348 4.36

g 325E-03  1.06E+01 3.60E+07 0.66 + 2.09 = 275 8 3.68 4 61

9 J09E-03  1.01E+01  343E+07 0.69 + 219 = 289 3 3.86 434

10 296E-03 962E+00 3 28E+07 0.72 + 230 = 3.02 9 404 506

1 284E-03  923E+00 3.15E+407 0.75 * 239 = 315 9 421 527

12 273E-03 888E+00 3.03E+07 0.78 + 249 = 3.27 9 437 548

13 264E-03  85TE+00 292E+07 0.81 + 258 = 433 10 453 5 68

14 255E-03  B8.28E+00 283E+07 034 2 267 = 351 10 469 588

15 247TE-03  8.0ZE+00 2 T4E+07 0.87 #: 275 = 3.62 10 484 6.07

16 2.39E-03 T.78E+00 265E+0T 0.39 + 284 = 3.3 1 499 626

17 2.33E-03  T56E+00 2.58E+07 032 + 2.92 - 3.84 11 514 .44

18 226E03 7.35E+00 251E+07 0.95 + 3.00 = 395 1 529 6.62

19 2.20E-03  TAGE+00 2.44E+07 0.97 i 3.08 = 4.06 12 5.43 6.80

20 215E-03  6.98E+00 2 38E+07 1.00 + 3.16 = 416 12 557 698

21 2.09E-03 6.B81E+00 232E+07 1.02 + 3.24 = 426 12 571 7.15

22 2.05E-03 6.B5E+00 22TE+0T 1.05 i 332 = 437 13 584 7.32

23 2.00E-03 6.50E+00 222E+07 1.07 + 340 = 447 13 598 7489

24 1.96E-03  6.36E+00 217E+0T 1.09 + 347 = 457 13 611 7.66

25 1.91E-03  6.22E+00 Z212E+07 112 + 355 = 467 14 625 782

26 187E-03 609E+00 2 08E+07 114 + 3.62 = 477 14 638 7.99

27 1.84E-03  597E+00 Z2.04E+07 1.16 * 3.70 = 486 14 651 815

28 1.80E-03 5.85E+00 Z2.00E+07 =35 + 3.7 = 496 14 664 832

29 1.77E-03  5.74E+00 1.96E+07 1.21 + 385 = 5.06 15 6.77 548

30 1.73E-03  5.63E+00 1.92E+07 123 2 382 = 545 15 6.90 864

45 1.37E-03  444E+00 1.52E+07 LT + 4.97 = 654 19 8.75 10 96

60 1.13E-03  368E+00 1.26E+07 189 + 00 = 788 23 10.54 13.21

90 BA4TE-04 275E+00 9.39E+06 253 + 8.02 = 1054 k)l 1411 17 68

10 296E-03 9.62E+00 3.23E+407 072 + 230 = 3.02 9 404 506

Figure 2-7. Worksheet from the SD Core Uncovery Calculator
2.8 Additional Considerations for Shutdown Risk Analysis

In addition to the important aspects of shutdown risk mentioned above, several issues, unique
to shutdown operations, should be addressed when performing a risk analysis. For additional
guidance on these SD-related considerations, refer to Section 8. These considerations are
provided in Section 8 to give the analyst a list of frequently encountered pitfalls in developing
shutdown risk models. Some of these considerations are highlighted below.

o Operator Actions. Operator actions generally contribute significantly to the most risk
important SD scenarios. Multiple operator actions may be credited in a scenario, with
potential interaction (dependencies) among them. Appendix B discusses the treatment

of operator actions in SD scenarios.

° Testing and maintenance during forced and planned outages. If the scenario is
during a forced outage, the test and maintenance (T/M) unavailabilities may be nominal
(as modeled in the at-power model). However, if the scenario is during a planned
outage, plant procedures or administrative controls may preclude scheduled test and
maintenance on key equipment trains (such as emergency diesel generators); on the
other hand, random failures may occur and lead to unscheduled maintenance.

In some SD scenarios, multiple trains of the same system may be out of service due to
scheduled maintenance. This may not be allowed during power operation. These
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2. Scope and Summary

aspects of shutdown conditions should be considered on a case by case basis and, if
necessary, should be used to justify modifying the T/M unavailabilities for the case.

° Time between shutdown and event or plant condition. Another important aspect in
characterizing shutdown risk is the decay heat level. The time between the plant
shutdown and occurrence of an event or plant condition determines the decay heat rate
applicable to the scenario and may affect the operator action time windows, and even
equipment success criteria. To account for the various levels of decay heat (DH), four
time windows were defined in terms of time after reactor shutdown. These four DH time
windows are defined in Table 2-1 and discussed in Section 8.9.

Table 2-1. Decay Heat Time Window Definition?

Condition DH Time DH Time DH Time DH Time
Window 1 Window 2 Window 3 Window 4
- - Between 75 h | Between 240 >768 h
Time following shutdown <75h and 240 h h and 768 h (32 days)
Percent of full power 0.54 0.41 0.29 0.20

2.9 Example CCDPs and CDPs

As shown below, a set of example CCDPs and CDPs is provided for plant SD modes modeled
by template event trees in the current SPAR-SD models for a PWR.

Mode/POS LORHR
M4 1.3E-05
M5 1.0E-05
ML 1.4E-04
M6

Shutdown Scenario CCDPs

LOOP

2.3E-06
2.3E-06
1.8E-04

LOI

3.3E-05
3.2E-05
1.5E-03

1.1E-05

oD*

2.5E-03

PWR Mode 4
PWR Mode 5
PWR Mode 5 RCS
Open

PWR Mode 6
(Refueling)

When the model is complete, the CDP per hour for each POS can be calculated and recorded in
a table such as the one below.

Mode/POS LORHR
M4 4.1E-11
M5 3.3E-11
ML 4.6E-10
M6

POS CDPs (per hour in that mode)

LOOP

9.3E-12
9.3E-12
7.5E-10

* Per mid-loop operation (demand basis)
Loss of inventory (LOI) event

Loss of RHR (LORHR) cooling event

Loss of offsite power (LOOP) event
Over-drain (OD) event during mid-loop operation

LOI

2.8E-11
2.7E-11
1.3E-09

9.3E-12

oD*

4.4E-05

PWR Mode 4
PWR Mode 5
PWR Mode 5 RCS
Open

PWR Mode 6
(Refueling)

2 Time Window definitions are taken from NUREG/CR 6144 and are given in SPAR-SD model reports of the earlier
SPAR-SD models, such as Davis-Besse.
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Shutdown Events: Section 3
Scenario Definition and Quantification Rev. 1.0

3.0 Scenario Definition and Quantification

Shutdown scenarios can be defined and their CCDPs (for event analysis) or CDPs (for plant
condition analysis) can be calculated using a SPAR-SD model. In this Handbook, it is assumed
that there may or may not be a plant-specific SPAR-SD model available to the analysts.

At this time, there are only a few SPAR-SD models available. The analyst may need to
construct the needed SD scenarios using portions of model logic from the at-power model, SD
event tree templates, and the SD HEP library mentioned in Section 2, and illustrated in Figure 2-
1. The system fault trees can be borrowed from the existing at-power model and modified as
necessary to map the realistic SD conditions.

3.1 Scenario Types

In this document, the following cases are discussed and examples are provided:
Event analysis (calculate a CCDP)

Plant condition analysis involving one POS (calculate CDP).

Plant condition analysis involving multiple POSs (calculate CDP).
Special cases (no predefined POS available for the SD scenario of interest).

For plant condition cases, CDP of the condition case is discussed; CDP of the based case could
be calculated by removing the condition from the model. CDP of the base case can be
separately calculated and subtracted from the CDP of the condition case to calculate the
scenario delta-CDP, when needed. If the CDP of the base case is judged not to affect the
scenario delta-CDP classification, then base case calculation need not be perfor